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Bile acids are C24 steroids that are derived in the liver from cholesterol and secreted 
into the intestinal lumen to aid in emulsification of dietary lipids and lipid-soluble 
vitamins. The indigenous intestinal microflora modify bile acids, producing up to 20 
unique bile acid metabolites. The 7a-dehydroxylation of the bile acids is the most 
physiologically important bile acid biotransformation. All known intestinal bacteria 
capable of bile acid 7a-dehydroxylation are anaerobic, gram-positive rods of the genera 
Clostridium and Eubcicterium. Bile acid 7a-dehydroxylating bacteria often contain bile 
salt hydrolase, which hydrolyzes the peptide bond in taurine-conjugated bile acids to 
yield a free bile acid and taurine. Taurine is an organosulfonate containing a sulfite 
moiety. There have been no published reports indicating whether 7a-dehydroxylating 
bacteria can utilize taurine. Given that taurine and taurine-conjugated bile acids are 
found at great concentrations in the intestine, the ability to utilize the compound would 
confer a competitive advantage to these bacteria. In this study, the ability of 7a-
dehydroxylating bacteria to dissimilate taurine and taurine-conjugated bile acids to 
Vll 
produce hydrogen sulfide was investigated. First, hydrogen sulfide produced by bile acid 
7a-dehydroxylating bacteria cultured in tryptic soy broth and semi-defined media from 
taurine and taurine-conjugated bile acids was qualitatively detected by inclusion of ferric 
ammonium citrate in the media. The results obtained from trials utilizing anaerobic 
tryptic soy broth and from semi-defined medium were not consistent, suggesting that 
qualitative determination of sulfide by inclusion of ferric ammonium citrate is 
inconclusive. Then hydrogen sulfide produced by bile acid 7a-dehydroxylating bacteria 
cultured in modified semi-defined medium (not containing a reducing agent) over time in 
the presence or absence of taurine-conjugated bile acids was quantified using the 
methylene blue method. Sulfide concentrations in medium cultured with two different 
strains of bile acid 7a-dehydroxylating bacteria, Eubcicterium sp. 12708 and Clostridium 
sp. HD-17, in presence of 100 |j.M or 5 mM sulfonates were not significantly higher than 
those in the absence of sulfonate. In addition, the highest sulfide concentration 
determined from medium cultured with two different strains of bile acid 7a-
dehydroxylating bacteria for a period of five days was not above backgroud level. These 
data demonstrated that these two bile acid 7a-dehydroxylating bacteria, Eubcicterium sp. 
12708 and Clostridium sp. HD-17, are not capable of desulfonating taurine and taurine-
conjugated bile acids to produce hydrogen sulfide under the conditions tested. 
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Introduction 
Bile acids are C24 steroids that are derived from cholesterol in the liver. Hepatocytes 
produce the primary bile acids, cholic acid (3 alpha, 7 alpha, 12 alpha-trihydroxy-5 beta-
cholan-24-oic acid) and chenodeoxycholic acid (3 alpha, 7 alpha-dihydroxy-5 beta-
cholan-24-oic acid) (Figure 1). Primary bile acids in humans are conjugated with glycine 
or taurine via a peptide bond to form conjugated bile acids (Figure 2). Conjugation 
occurs at the carboxyl groups of the primary bile acids. Bile acids are secreted by the 
liver in the bile, which is stored in the gallbladder. Following ingestion of a meal, bile is 
released into the proximal duodenum of the small intestine, where bile acids aid in the 
absorption of lipid and lipid soluble vitamins. Bile acids are reabsorbed in the distal 
ileum by active transport and are returned to the liver via the portal blood where the bile 
acids are absorbed and resecreted into bile. In man, 2-4 g of bile acids circulate six to ten 
times daily. The circulation of bile is referred as the enterohepatic circulation. However, 
about 0.4-0.6 g per day escapes ileal absorption, enters the large intestines and is exposed 
to the colonic microflora. [10, 12, 24, 25] 
More than 400 different species of bacteria occupy the human gastrointestinal tract, of 
which more than 99% are obligate anaerobes. These intestinal organisms are capable of 
carrying out hundreds of enzymatic reactions that the host cannot catalyze [17], During 
their passage through the intestinal lumen, bile acids are exposed to the indigenous 
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Cholic acid Chenodeoxycholic acid 
Primary bile acids 
Deoxycholic acid Lithocholic acid 
Secondary bile acids 
Figure 1. Primary and secondary bile acids. (Redrawn from reference 25). 
3 
Glycocholic Acid 
Figure 2. Taurine and glycine conjugates of cholic acid (Redrawn from reference 
24). 
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intestinal microflora, which modify primary bile acids, cholic acid and chenodeoxycholic 
acid, producing up to 20 unique bile acid metabolites [12, 16], These modifications 
include deconjugation of the glycine and taurine moieties by bile salt hydrolase, 
dehydrogenation of a - and (3-hydroxyl groups at carbons 3, 7, and 12 by stereospecific 
bile acid hydroxysteroid dehydrogenases to yield oxo bile acids, and the reductive 7-
dehydroxylation (7a-dehydroxylation and 7P-dehydroxylation) of the primary bile acids 
[12, 16], 
Quantitatively, the most physiologically important of the bile acid biotransformations 
is the 7a-dehydroxylation of the primary bile acids [30], Bacterial 7a-dehydroxylation 
of the primary bile acids, cholic acid and chenodeoxycholic acid, is the only process 
capable of producing deoxycholic acid and lithocholic acid, respectively. The host 
cannot 7a-dehydroxylate bile acids. Secondary bile acids are passively absorbed through 
the colonic wall, returned to the liver and resecreted into the bile. Secondary bile acids 
(Figure 1) account for up to 25% of the total bile acid pool in humans [30], Secondary 
bile acids differ significantly from their parent compounds in their physicochemical 
properties and physiological effects. Such differences include decreased solubilization of 
lipids [14], altered hepatic regulation of de novo cholesterol and bile acid biosyntheses 
[13], increased cytotoxicity [34], possible promotion of colon carcinogenesis [4], and 
increased risk for cholesterol gallstone disease [23, 28], A multi-step pathway for the 
bacterial 7a-dehydroxylation reaction has been proposed, based on the structure of bile 
acid intermediates isolated during the conversion of primary to secondary bile acids in 
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Eubcicterium sp. VPI 12708 [1, 5, 18], Briefly, bile acids are first imported into the cell 
by the bile acid-inducible BaiG protein, a transporter containing 14 membrane-spanning 
regions [22], Upon entering the cell, the 7a-hydroxy bile acid is conjugated to ADP or 
coenzyme A and oxidized in two steps to yield 3-oxo-4-cholenoic acid. This 
intermediate then undergoes a trans-elimination of water across the C6--C7 bond to give 
3-oxo-4, 6-choldienoic acid. Three successive reductive reactions then follow, resulting 
in the production of the corresponding 7a-dehydroxylated bile acid [12, 16, 17], 
The colon contains 103-105 bile acid 7a-dehydroxylating bacteria per gram feces [9, 
32], All intestinal strains possessing a stable bile acid 7a-dehydroxylation activity are 
anaerobic, gram-positive rods of the genera Clostridium and Eubcicterium [8, 9], There 
are two distinct groups of cholic acid 7a-dehydroxylating bacteria with respect to 7a-
dehydroxylation activity. Group I displays high activity (1.25-7.83 nmol mg^h"1) of 
conversion of cholic acid into deoxycholic acid by whole cells previously exposed to 100 
jiM cholic acid. This group includes Eubcicterium sp. VPI 12708, Eubacterium sp. I-10 
and Clostridium sp. HD-17. Group II displays low activity (0.05-0.16 nmol mg"'h~1) of 
conversion of cholic acid into deoxycholic acid by whole cells previously exposed to 100 
(iM cholic acid and includes C. sordellii Y-67 and Clostridium sp. TN-271 [7], 
Taurine is an organosulfonate containing sulfite (SO3') and is conjugated to primary 
bile acids. Taurine is derived from cysteine. The concept of organosulfonates serving 
as anaerobic bacterial electron acceptors has been established previously [27], 
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Furthermore, data indicating the occurrence of desulfonation under anoxic conditions 
also have been presented [21], Laue et al. [20] prepared enrichment cultures to utilize 
sulfonates as electron acceptors for growth and reported the isolation from sewage of a 
taurine-reducing organism, identified as Bilophila wadsworthia, which, in the presence 
of an external source of electrons, converts taurine to ammonia, acetate, and sulfide. 
Clinical isolates of B. wadsworthia also utilize taurine and taurine-conjugated bile acids 
to release hydrogen sulfide [26], Taurine conjugated bile acids include TCA 
(taurocholic acid), TDCA (taurodeoxycholic acid), TCDCA (taurochenodeoxycholic 
acid), and TLCA (taurolithocholic acid). 
Bile acid 7a-dehydroxylating bacteria often contain bile acid hydrolase, which 
hydrolyzes the peptide bond in conjugated bile acids to yield a free bile acid and taurine 
or glycine [17], Free bile acid is next converted to secondary bile acid by 7a-
dehydroxylating bacteria. Contrary to extensive research on 7a-dehydroxylation of bile 
acids, there are no reports of whether 7a-dehydroxylating bacteria can utilize taurine. 
Previous data (Table 1) [29] from this laboratory suggest the bile acid 7a-
dehydroxylating bacterium Clostridium sp. HD-17 can utilize sulfate, sulfite and 
taurocholic acid (TCA) to form sulfide. Given that taurine and taurine-conjugated bile 
acids are found at considerable concentrations in bile, the ability to utilize the compound 
would confer a competitive advantage to these intestinal bacteria. In this study, the 
ability of taurine conjugated bile acids to serve as substrates for hydrogen sulfide 
production by various bile acid 7a-dehydroxylating bacteria was investigated. Thus, 
7 
experiments were designed to determine whether bile acid 7a-dehydroxylating bacteria 
produce hydrogen sulfide from taurine conjugated bile acids by qualitative and 
quantitative measurement of H2S production over time in the presence and absence of 
taurine-conjugated bile acids. 
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Table 1. Hydrogen sulfide production from various sulfur sources by bile acid 7-
dehydroxylating bacteria" (Redrawn from reference 29). 
Sulfur Sourcec 
Strain Days" Control S042" so32- Taurine TCA TCDCA 
Eubacterium sp. 
VPI12708 
1 
-
+ + 
- - -
2 
-
+ + 
- - -
4 
-
+ + 
- - -
Clostridium sp. 
TO-931 
1 
-
+ ++ 
- - -
-
+ +-H-
- - -
4 
-
++ +++ 
- - -
Clostridium sp. 
HD-17 
1 
-
+ ++ 
- - -
-
+ +++ 
- - -
4 
-
++ +++ 
-
+ 
-
Clostridium 
bifermentans I-
55 
1 - + + - - -
2 - + + - - -
4 
-
+ +++ 
-
+ 
-
"Hydrogen sulfide was detected by the presence of a black precipitate due to inclusion of ferric 
ammonium citrate (0.05% w/v) in the medium. Experiments were performed in duplicate. Symbols 
indicate the following: (-)= no black precipitate observed; (+)= small amount of black precipitate 
observed; (++)= moderate amount of black precipitate observed; (+++)= large amount of black 
precipitate observed. 
b
 Indicated number of days following inoculation of medium. 
cEach sulfur source was included at 100 |iM final concentration. Control contained medium only; 
S0 4 2 (Na2S(V7H20); S0 3 2 (Na2S03); taurine (free acid); TCA (taurocholic acid); TCDCA 
(taurochenodeoxycholic acid). 
Material & Methods 
Bacterial strains 
Eubacterium sp. VPI 12708 was originally isolated from the feces of a colon cancer 
patient by R. Hammann (Institute fhr Medizinische Microbiologie and Immunologie der 
Universitat, Bonn, Germany) and was obtained for the present study from the laboratory 
of P.B. Hylemon (Virginia Commonwealth University, Richmond VA). Eubacterium sp. 
I-10, Clostridium sp. HD-17, C. sordellii Y-67, Clostridium sp. TN-271 were isolated 
from human feces [33] and were gifted to our laboratory by F. Takamine (Laboratory of 
Microbiology, School of Health Sciences, Faculty of Medicine, University of Ryukyus, 
Okinawa, Japan). 
Anaerobic tryptic soy broth and cultures 
Anaerobic tryptic soy broth [1000 ml medium contains 40 ml salt solution (1 liter 
solution containing 0.26 g CaCl2-2H20, 0.48 g MgS04-7H20, 1.0 g K2HP04 , 1 g 
KH2P04 , 10 g NaHC03 , and 2 g NaCl), 1 ml hemin solution (50 ng/ml), 4 ml resazurine 
solution (25 mg/ml), 30 g tryptic soy broth with dextrose (Fisher scientific, Fair Lawn 
NJ), 1 g yeast extract (Difco Laboratories, Detroit MI), 2.69 g sodium bicarbonate, 1 g 
cysteine-HCl and 2 g fructose] was used to culture bile acid dehydroxylating bacteria. To 
maintain anaerobic conditions, the medium was boiled and flushed with nitrogen gas. 
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After the pH of the medium was adjusted to 7.1 with 1 N HC1, the medium was tubed 
anaerobically, stoppered, and autoclaved at 121°C, 15 psi (pounds per square inch) for no 
less than 20 minutes. Control media contains medium only, magnesium sulfate 
(MgS04-7H20), sodium sulfite (Na2S03), taurine (free acid), TCA (taurocholic acid, 
sodium salt), TCDCA (taurochenodeoxycholic acid; sodium salt), TLCA 
(taurolithocholic acid; sodium salt), TDCA (taurodeoxycholic acid; sodium salt), and 
cholic acid were added to medium at 100 [iM final concentration. The inocula were 
diluted 1/10 for an overnight culture of previously described bacteria. All cultures were 
incubated at 37°C. 
Semi-defined medium and cultures 
Bile acid 7a-dehydroxylating bacteria were cultured in semi-defined medium [1000 
ml medium contains 1 g glucose, 50 ml mineral #1 (K2HPO4 6 g/liter), 50 ml mineral #2 
(1 liter of solution containing 12 g NaCl, 12 g NH4C1, 6 g KH2P04, 1.2 g CaCl2-2H20, 
and 2.5 g MgS04-7H20), 1 ml Pfennig trace minerals (1000 ml of solution containing 0.1 
g ZnS04-7H20, 0.03 g MnCl2-4H20, 0.3 g H3BO3, 0.2 g COC12-6H20, 0.01 g 
CUC12-2H20, 0.2 g NiCl2-6H20, 0.03 g Na2Mo04, 1.5 g FeCl2-4H20, 0.01 g Na2Se03), 2 
g yeast extract, 5 g NH4CI, 4 ml resazurin, 1 ml hemin solution, 2.7 g Na2C03, l g 
cysteine-HCl, 100 jal vitamin K1 (5 mg/ml ethanol)]. Media were dispensed 
anaerobically and sterilized as described above. Media contained sulfur sources as 
described above except 5 raM of each sulfur source also was tested. 
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Methods for detecting hydrogen sulfide 
Hydrogen sulfide was detected using three methods. First, qualitative detection of 
hydrogen sulfide was achieved with observation of a black precipitate which formed due 
to the inclusion of ferric ammonium citrate (0.05% w/v) in medium [15], Second, 
hydrogen sulfide was quantified using the methylene blue method [3], Briefly, two ml of 
sample was removed through the stopper with a syringe from cultures after 1 day and 5 
days of incubation and placed in a centrifuge tube. The bacterial cells were pelleted by 
centrifugation at 10,000 x g for 4 minutes and the supernatant was removed. A 0.16 ml 
of the mixed diamine reagent (2 g of N.N-dimethyl-p-phenylenediamine sulfate and 9.05 
g of ferric chloride (FeCh) in 500 ml of 50%(v/v) hydrochloric acid) was added to 2 ml 
of supernatant. The serum cap was promptly replaced to reduce volatilization of the 
hydrogen sulfide, and the solution was mixed gently. After 20 min the absorbance was 
determined spectrophotometrically at 670 nm with a Gilford ResponseTM UV-VIS 
spectrophotometer (Gilford Instrument Laboratories, Oberlin, OH). A standard curve 
was determined using sodium sulfide (concentration range from 0 to 40 |j.M). Third, 
sulfide ion detection also was attempted using ion chromatography. A DX-120 ion 
chromatograph (Dionex Corporation, Sunnyvale, CA) equipped with a GP40 gradient 
pump, a ED40 conductivity detector, and AS-14 4-mm chromatograph column was 
operated at room temperature. Mobile phase was 3.5 mM Na2C(V 1.0 mM NaHCCh 
buffer with a flow rate of 1.2 ml/min. The injection dose was 2 |il. A sodium sulfide 
standard (1 mM) was prepared with ddH20 (17.8 megahm-cm). 
1 2 
Protein Determination 
Protein concentration was determined by the Bradford dye-binding assay [2], A 
whole cell preparation (0.9 ml) was mixed with 0.1 ml of 2 N NaOH stock solution and 
incubated at 37°C for 30 minutes to lyse the cells. After incubation, 800 (j.1 of cell extract 
was pipetted into a clean, dry test tube and 200 jj.1 of dye reagent concentrate (Bio-Rad 
solution containing Coomassie® Brilliant Blue G-250 dye, phosphoric acid, and 
methanol) was added to each tube and vortexed. Absorbance was measured at 595 nm 
after incubation at room temperature for at least 15 minutes. A standard curve was 
prepared using bovine serum albumin (BSA). 
Statistical analysis 
Differences in hydrogen sulfide production of bile acid 7a-dehydroxylating bacteria 
over time were analyzed by student's T-test to determine statistical significance. Results 
were considered to be significant for P<0.05 values. 
Results 
Qualitative results of hydrogen sulfide production from various sulfur sources by 
bile acid 7a-dehydroxylating bacteria cultured in anaerobic tryptic soy broth 
medium. 
Ferric ammonium citrate was included in media to qualitatively detect hydrogen 
sulfide. Ferric ammonium citrate reacts with sulfide to form the black precipitate, ferric 
sulfide [11, 19], The qualitative results of hydrogen sulfide production from various 
sulfur sources by bile acid 7a-dehydroxylating bacteria cultured in tryptic soy broth 
medium are listed in Table 2. There was not any black precipitate observed in the 
anaerobic tryptic soy broth media inoculated with Eubacterium sp. VPI 12708, 
Eubacterium sp. 1-10, or Clostridium sp. TN-271 incubated at 37°C for up to 5 days. 
After 4 days of incubation with Clostridium sp. HD-17, black precipitates were observed 
in cultures containing sulfur sources of SO42", TDCA and TLCA. Black precipitates also 
were detected in media including SO42", SO32", TCA and taurine, respectively, after 4 
days of incubation with C. sordellii Y-67. These results indicate that Eubacterium sp. 
VPI 12708, Eubacterium sp. 1-10, and Clostridium sp. TN-271 cannot produce hydrogen 
sulfide from the sulfur sources tested, while C. sordellii Y-67 and Clostridium sp. HD-17 
may be able to produce hydrogen sulfide from some sulfur sources when cultured in 
anaerobic tryptic soy broth. 
1 3 
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Table 2. Hydrogen sulfide production from various sulfur sources by bile acid 7a-
dehydroxylating bacteria cultured in anaerobic tryptic soy broth medium.11 
Sulfur Source* 
Strain Davsb Control S042" S032" TCA Taurine TDCA TCDCA TLCA 
Eubacterium 
sp.VPI 12708 
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 - - - - - - - -
5 - - - - - - - -
Clostridium 
sp. HD-17 
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 - - - - - - - + 
5 - +/- - - - + - ++ 
Clostridium 
sordellii Y-67 
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 - +/ - - + / - + - - -
5 - + ++ - - -
Clostridium 
sp. TN-271 
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 - - - - - - - -
5 - - - - - - - -
Eubacterium 
sp. 1-10 
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 - - - - - - - -
5 - - - - - - - -
aHydrogen sulfide was detected by the presence of a black precipitate which formed due to the 
inclusion of ferric ammonium citrate (0.05% w/v) in the medium. Experiments were performed in 
duplicate. Results from each tube are separated with a slash (/) if different Symbols indicate the 
following: (-)= no black precipitate observed; (+)= small amount of black precipitate observed; (++)= 
moderate amount of black precipitate observed; (+++)= large amount of black precipitate observed. 
b
 Indicates number of days following inoculation of medium. 
cEach sulfur source was included at 100 ^M final concentration. Control contained medium only; 
S0 4 2 (Na2S04*7H20); S0 3 2 (Na2SOj); taurine (free acid); TCA (taurocholic acid); TDCA 
(taurodeoxycholic acid), TCDCA (taurochenodeoxycholic acid), TLCA (taurolithocholic acid). 
1 5 
Qualitative results of hydrogen sulfide production from various sulfur sources by 
bile acid 7a-dehydroxylating bacteria cultured in semi-defined medium. 
Hydrogen sulfide production from various sulfur sources by five different strains of 
bile acid 7-dehydroxylating bacteria were qualitatively examined in semi-defined 
medium in order to eliminate the influence caused by unknown ingredients in anaerobic 
tryptic soy broth. Table 3 indicates Eubacterium sp. VPI 12708 produced hydrogen 
sulfide from S042*, TDCA and taurine; Clostridium sp. HD-17 produced hydrogen 
sulfide from S042", TCA, TDCA, TLCA and taurine; Clostridium sordellii Y-67 
produced hydrogen sulfide from TDCA and TCDCA; Clostridium sp. TN-271 produced 
hydrogen sulfide from S042", S032", TCA, TDCA, TCDCA, TLCA and taurine; while 
Eubacterium sp. I-10 did not produce hydrogen sulfide from any sulfur source tested. 
Determination of hydrogen sulfide concentration by ion chromatography. 
Ion chromatography is the combination of a chromatographic technique for separating 
ions with a technique for detecting ions and determining concentration. Briefly, different 
ions are first separated by ion exchange, ion exclusion, ion pairing and chelation. The 
separated ions then are detected using conductivity, amperometric, optical, inductively 
coupled plasma spectroscopy, or mass spectrometric methods. Ion chromatography is 
commonly used to determine ionic composition, including inorganic anions or cations, 
organic acids and amines of biological solutions [31], An ion exchange chromatographic 
separation and conductometric detection were used in this study. The ion chromatograms 
of sodium sulfide (1 mM) and sodium sulfate (1 mM) are shown in Figure 3. When 2 fj.1 
of sodium sulfate standard was injected, a large peak was observed at an extension time 
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Table 3. Hydrogen sulfide production from various sulfur sources by bile acid 7a-
dehydroxylating bacteria cultured in semi-defined medium." 
Sulfur Source0 
Strain Davsb Control S042" S032" TCA Taurine TDCA TCDCA TLCA 
Eubacterium 
sp.VPI 12708 
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 - - - - - - - -
5 - + / - - - + + / - - -
Clostridium 
sp. HD-17 
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 - + - - + - - -
5 - + - + ++ + - + 
Clostridium 
sordellii Y-67 
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 - - - - - - - -
5 - - - - - + + -
Clostridium 
sp. TN-271 
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 - - - - - - - -
5 - + + + + + + -
Eubacterium 
sp. 1-10 
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 - - - - - - - -
5 - - - - - - - -
"Hydrogen sulfide was detected by the presence of a black precipitate which formed due to the 
inclusion of ferric ammonium citrate (0.05% w/v) in the medium. Experiments were performed in 
duplicate. Results from each tube are separated with a slash (/) if different Symbols indicate the 
following: (-)= no black precipitate observed; (+)= small amount of black precipitate observed; (++)= 
moderate amount of black precipitate observed; (+++)= large amount of black precipitate observed. 
b
 Indicates number of days following inoculation of medium. 
cEach sulfur source was included at 100 p.M final concentration. Control contained medium only; 
S042- (Na2S04 .7H20); S032" (Na2S03); taurine (free acid); TCA (taurocholic acid); TDCA 
(taurodeoxycholic acid), TCDCA (taurochenodeoxycholic acid), TLCA (taurolithocholic acid). 
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Figure 3. The ion chromatograms of (A) sodium sulfate (1 mM), (B) mixed standard 
(1 mM), and (C) sodium sulfide (1 mM). fiS stands for microsiemens, a unit of 
conductance. 
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of 6.7 min. Comparison to a mixed standard provided by Alltech suggested that this 
ion peak was sulfate. However, upon injection of 2 |j.l of sodium sulfide, no peak was 
observed, indicating that ion chromatography is not capable of detecting sulfide ions. 
Spectrophotometric determination of sodium sulfide in semi-defined medium. 
In order to further investigate whether bile acid 7a-dehydroxylating bacteria produce 
hydrogen sulfide from taurine-conjugated bile acids, hydrogen sulfide production was 
determined from various sulfur sources by Eubacterium sp. VPI 12708 and Clostridium 
sp. HD-17 cultured in semi-defined medium using the methylene blue method. Sodium 
sulfide in sterile semi-defined medium was used to establish a standard curve. The 
absorbance of sodium sulfide in semi-defined medium at concentrations ranging from 0 
to 40 |u.M was not linear and background absorbance of the medium was high. For 
example, in one test, the measured absorbancies of 0, 10, 20, 30, and 40 |j.M of sodium 
sulfide were 0.412, 0.474, 0.562, 0.563, and 0.622, respectively. 
Spectrophotometric determination of hydrogen sulfide production from 100 (iM 
various sulfur sources by bile acid 7a-dehydroxylating bacteria cultured in modified 
semi-defined medium. 
In order to eliminate the possibility of interference caused by cysteine hydrogen 
chloride, a modified semi-defined medium without cysteine hydrogen chloride was 
prepared. The color of this modified semi-defined medium was light yellow in the 
presence of resaurine, a redox indicator, indicating reducing conditions were maintained. 
The media inoculated with two different bile acid 7a-dehydroxylating bacteria, 
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Eubacterium sp. VPI 12708 and Clostridium sp. HD-17, turned turbid after 24 h of 
incubation at 37°C, indicating these bacteria could grow in the modified medium. 
Eubacterium sp. VPI 12708 and Clostridium sp. HD-17 were cultured in modified semi-
defined medium and hydrogen sulfide was quantified using the methylene blue method. 
A standard curve of sodium sulfide was linear from 0 to 40 (j,M (Figure 4). None of the 
hydrogen sulfide concentrations produced by the two bacterial strains from different 
sulfur sources were above control (Table 4). Since different bacterial strains could have 
different growth rates when exposed to different sulfur sources, the protein concentration 
of each culture also was determined in order to express hydrogen sulfide production on a 
protein basis. The absorbance curve was linear at concentrations ranging from 1 to 10 
fag/ml BSA (Figure 5). Hydrogen sulfide production per mg bacterial protein was 
calculated and data are shown in Table 5. The result indicated hydrogen sulfide 
production per mg of bacterial protein by Eubacterium sp.strain VPI 12708 and 
Clostridium sp. strain HD-17 from sulfur source (TCA or taurine) are not significantly 
higher than those cultures not containing an exogenous sulfonate (Control or CA). The 
results demonstrate that Eubacterium sp.strain VPI 12708 and Clostridium sp. strain HD-
17 cannot produce hydrogen sulfide from taurine or taurine-conjugated cholic acid. 
Quantitative results of hydrogen sulfide production from various 5 mM sulfur 
sources by bile acid 7a-dehydroxylating bacteria cultured in modified semi-defined 
medium. 
Since no significant hydrogen sulfide production was observed from 100 (J.M of 
various sulfur sources, hydrogen sulfide production was further quantified from modified 
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Figure 4. A typical standard curve of sodium sulfide determined by methylene blue 
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Table 4. Hydrogen sulfide concentrations (JJ.M) produced from various sulfur 
sources (100 faJYl final concentration) by Eubacterium sp. VPI 12708 and Clostridium 
sp. HD-17 cultured in modified semi-defined medium.3 
Strain Control TCA Taurine CA 
ldb 5d Id 5d Id 5d Id 5d 
Eubacterium 
sp.VPI 12708 
3.148 
± 0.095 
-1.125 
± 0.093 
5.034 
± 0.037 
0.904 
±0.154 
2.667 
±0.310 
-0.960 
± 0.066 
3.394 
± 0.262 
-1.064 
± 0.030 
Clostridium sp. 
HD-17 
2.298 
±0.177 
-1.103 
+ 0.160 
2.473 
±0.156 
0.572 
± 0.059 
2.243 
±0.108 
-0.940 
± 0.758 
2.393 
±0.107 
-0.578 
±0.610 
"Hydrogen sulfide was measured by the methylene blue method. Experiments were performed in 
duplicate. Each sulfur source was included at 100 )a.M final concentration. Control contained 
medium only; taurine (free acid); TCA (taurocholic acid); CA (sodium cholate). Data are the mean ± 
SD. 
b ld: 1 day of incubation; 5d: 5 days of incubation. 
Table 5. Hydrogen sulfide production (|j.moI/mg protein) from various sulfur 
sources (100 (iM final concentration) by Eubacterium sp. VPI 12708 and Clostridium 
sp. HD-17 cultured in modified semi-defined medium." 
Strain Control TCA Taurine CA 
ldb 5d Id 5d Id 5d Id 5d 
Eubacterium 
sp.VPI 12708 
27.80 
±0 .84 
-10.45 
±0.86 
38.78 
±0.29 
5.45 
±0.93 
27.76 
±3 .23 
-7.80 
±0 .54 
26.35 
±2 .03 
-9.29 
±0.26 
Clostridium sp. 
HD-17 
22.95 
±1.76 
-11.28 
±1.64 
20.67 
±1.30 
5.94 
±0.61 
21.58 
±1.04 
-9.79 
±7.89 
25.30 
±1 .13 
-5.26 
±5.55 
a
 Hydrogen sulfide was measured by the methylene blue method. Experiments were performed in 
duplicate. Each sulfur source was included at 100 |xM final concentration. Control contained 
medium only; taurine (free acid); TCA (taurocholic acid); CA (sodium cholate). Protein 
concentration was detected bv Bradford assav. Data are the mean ± SD. b " Id: 1 day of incubation; 5d: 5 days of incubation. 
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semi-defined medium containing various 5 mM of sulfur sources. Both Eubacterium sp. 
VPI 12708 and Clostridium sp. HD-17 exhibited background levels of hydrogen sulfide 
(Table 6). The hydrogen sulfide productions per mg of bacterial protein from sulfur 
source (TCA and Taurine) were not significantly higher than those of non-sulfur sources 
(Control and CA) (Table 7). These results further support the contention that 
Eubacterium sp. VPI 12708 and Clostridium sp. HD-17 cannot produce hydrogen sulfide 
from taurine and taurine-conjugated cholic acid. 
25 
Table 6. Hydrogen sulfide concentrations ((J.M) produced from various sulfur 
sources (5 mM final concentration) by Eubacterium sp. VPI 12708 and Clostridium 
sp. HD-17 cultured in modified semi-defined medium.11 
Strain Control TCA Taurine CA 
Id 5d Id 5d Id 5d Id 5d 
Eubacterium 
sp.VPI 12708 
-0.969 
+0.111 
0.451 
+0.074 
-0.982 
±0.011 
0.841 
±0.507 
-0.885 
±0.089 
0.645 
±0.094 
1.936 
± 0.012 
1.772 
± 0.249 
Clostridium sp. 
HD-17 
-1.124 
+0.027 
0.684 
+0.079 
-0.216 
±0.232 
3.284 
±0.361 
-1.329 
± 0.005 
0.856 
±0.185 
-1.275 
± 0.234 
5.074 
± 1.059 
"Hydrogen sulfide was measured by the methylene blue method. Experiments were performed in 
duplicate. Each sulfur source was included at 5 mM final concentration. Control contained medium 
only; taurine (free acid); TCA (taurocholic acid); CA (sodium cholate). Data are the mean ± SD. 
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Table 7. Hydrogen sulfide production ((imol/mg protein) from various sulfur 
sources (5 mM final concentration) by Eubacterium sp. VPI 12708 and Clostridium 
sp. HD-17 cultured in modified semi-defined medium.3 
Strain Control TCA Taurine CA 
Id 5d Id 5d Id 5d Id 5d 
Eubacterium 
sp.VPI 12708 
-13.54 
±1.55 
6.59 
±1.08 
-13.33 
±1 .00 
14.71 
±8.87 
-11.12 
±1.12 
8.28 
±1 .21 
18.48 
±0.11 
19.89 
±2.80 
Clostridium sp. 
HD-17 
-21.06 
±0.50 
12.90 
±1.49 
-2.51 
±2.70 
34.75 
±3 .82 
-23.94 
±0.09 
22.03 
±4.76 
-17.23 
±3.16 
69.37 
±14.48 
"Hydrogen sulfide was measured by the methylene blue method. Experiments were performed in 
duplicate. Each sulfur source was included at 5mM final concentration. Control contained medium 
only; taurine (free acid); TCA (taurocholic acid); CA (sodium cholate). Protein concentration was 
detected by Bradford assay. Data are the mean ± SD. 
DISCUSSION 
Sulfonates are organic compounds containing the R-CHn-SC^H moiety. Taurine and 
taurine-conjugated bile acids are the most common naturally produced sulfonates in 
many mammals [24, 25, 27], A wide variety of microbes use sulfonate-sulfur as the sole 
sulfur source for biosynthesis even when the carbon of that sulfonate cannot be used as 
an energy source [6, 27], Many naturally-occurring sulfonates can be reduced and 
assimilated into cellular sulfur compounds by aerobic microbes during respiratory 
growth. Recent research indicates that some anaerobic microbes are able to use 
sulfonate-sulfur as the terminal electron acceptor for anaerobic respiration. Reduction of 
sulfonates as the terminal electron acceptor was first discovered in Desulfovibrio 
desulfuricans IC1, which reduces the organosulfonates isethionate or cysteate in 
combination with lactate as the electron donor. The sulfonate sulfur is reduced to sulfide 
[21], Another Desidfovibrio sp., strain RZACYSA, can reduce taurine to produce sulfide 
[20], Participation of taurine as an electron acceptor in anaerobic respiration was 
thoroughly studied in Bilophila wadsworthia RZATAU, a natural inhabitant of the lower 
intestinal tract of mammals [20], Further investigation indicated that clinical isolates of 
B. wadsworthia utilize taurine and taurine-conjugated cholic acid derivatives [26], All of 
these strains dissimilate sulfonate to release hydrogen sulfide. 
27 
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Bile acid 7a-dehydroxylating bacteria often contain the bile salt hydrolase, which 
hydrolyzes the peptide bond in taurine-conjugated bile acids to yield a free bile acid and 
taurine [17], Free bile acid is next converted to secondary bile acid by bile acid 7a-
dehydroxylating bacteria. However there are no reports indicating whether bile acid 7a-
dehydroxylating bacteria can utilize taurine. Since bile acid 7a-dehydroxylating bacteria 
are exposed to taurine and taurine-conjugated bile acids, it was hypothesized that these 
bacteria might have the ability to metabolize taurine and taurine-conjugated bile acids. 
The purpose of the present study was to test whether bile acid 7a-dehydroxylating 
bacteria dissimilate taurine and taurine-conjugated bile acids to produce hydrogen 
sulfide. 
Firstly, qualitative tests were used to determine whether bile acid 7a-dehydroxylating 
bacteria produce hydrogen sulfide from taurine and taurine-conjugated bile acids. Weak 
sulfide production was detected in two bile acid 7a-dehydroxylating bacteria cultures, C. 
sordellii Y-67 and Eubacterium sp. VPI 12708, incubated in anaerobic tryptic soy broth 
when various taurine-conjugated bile acids were included (Table 2). When cultured in 
semi-defined medium with different taurine-conjugated bile acids, Eubacterium sp. VPI 
12708, Clostridium sp. HD-17, Clostridium sordellii Y-67, and Clostridium sp. TN-271 
produced sulfide after 4 to 5 days of incubation (Table 3). However, the results from 
anaerobic tryptic soy broth and from semi-defined medium were not consistent in 
following two points. 1). Sulfide production was detected in different strains of bile acid 
7a-dehydroxylating bacteria in two different media. Four of five bile acid 7a-
dehydroxylating bacteria, Eubacterium sp. VPI 12708, Clostridium sp. HD-17, 
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Clostridium sordellii Y-67, and Clostridium sp. TN-271 displayed weak sulfide 
production in the semi-defined medium, while only two of them, Clostridium sp. HD-17 
and Clostridium sordellii Y-67, exhibited hydrogen sulfide production in tryptic soy 
broth. 2). The same strains of bile acid 7a-dehydroxylating bacteria did not use the same 
taurine-conjugated bile acids to produce sulfide in two different media. For example, 
Clostridium sp. HD-17 exhibited hydrogen sulfide production in anaerobic tryptic soy 
broths with TDCA and TLCA, while this bacterial strain produced black pellets in semi-
defined media with taurine, TCA, TDCA, and TLCA. These discrepancies suggested that 
qualitative determination of sulfide by inclusion of ferric ammonium citrate is 
inconclusive. 
To more accurately determine whether bile acid 7a-dehydroxylating bacteria produce 
hydrogen sulfide from taurine or taurine-conjugated bile acids, the hydrogen sulfide 
production from bile acid 7a-dehydroxylating bacteria cultured in semi-defined medium 
with taurine and taurine-conjugated bile acids was quantified. The methylene blue 
method was used to determine sulfide concentration in the semi-defined medium. Since 
cysteine hydrogen chloride, which contains - H S and is usually used as a reducing agent 
to remove oxygen in anaerobic medium preparation, reacted with diamine reagent, the 
methylene blue method could not quantify hydrogen sulfide production in anaerobic 
medium precisely. Two alternative methods were employed to avoid this problem. First, 
ion chromatography was attempted to determine hydrogen sulfide concentration in semi-
defined medium. However, the sulfide ion was not detected in the ion chromatograph. 
Then anaerobic semi-defined medium without cysteine hydrogen chloride was prepared. 
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The light yellow color of the medium in the presence of resazurin showed that reducing 
conditions were maintained. This medium was further studied to determine if the 
bacterial strains of interest could grow under these conditions. Both Eubacterium sp. 
12708 and Clostridium sp. HD-17 were observed to grow in the modified medium, 
suggesting bile acid 7a-dehydroxylating bacteria can grow in anaerobic medium in the 
absence of a reducing agent. In the absence of cysteine hydrogen chloride, hydrogen 
sulfide concentration of the modified medium could be measured using the methylene 
blue method. 
Sulfide concentrations in the modified semi-defined medium cultured with two strains 
of bile acid 7a-dehydroxylating bacteria in the presence of 100 |iM sulfonates, taurine or 
taurocholic acid, were not significantly higher than those in the absence of sulfonate, 
control or cholic acid. In addition, the highest sulfide concentration determined from 
modified semi-defmed media cultured with two strains of bile acid 7a-dehydroxylating 
bacteria for a period of five days was not more than 6 |j.M. These results demonstrate 
that these two strains of bile acid 7a-dehydroxylating bacteria do not produce hydrogen 
sulfide from taurine or taurocholic acid. The results (Table 5) of bile acid 7a-
dehydroxylating bacteria cultured in the presence of 5 mM of taurine or taurocholic acid 
support this conclusion. 
Taurine, cholic acid and taurocholic acid added to medium may have different effects 
on the growth of bile acid 7a-dehydroxylating bacteria. The protein production of both 
strains of bile acid 7a-dehydroxylating bacteria cultured in modified semi-defined 
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medium in presence or absence of sulfonates also were measured. The hydrogen sulfide 
production was expressed as |imol per mg of bacterial protein. Sulfide production per mg 
of bile acid 7a-dehydroxylating bacterial protein cultured in the presence of 100 |nM 
sulfonates, taurine or taurocholic acid, was not significantly higher than in the absence of 
sulfonate, control or cholic acid. These data further support the conclusion that these two 
bile acid 7a-dehydroxylating bacteria, Eubacterium sp. 12708 and Clostridium sp. HD-
17, are not able to desulfonate taurine and taurine-conjugated bile acids to produce 
hydrogen sulfide. 
Many fermentative anaerobes catabolize a molecule of glucose to provide 2 ATP and 
2 NADH via glycolysis. Glycolysis requires NAD as a substrate, thus fermentative 
anaerobes require the oxidation of NADH to NAD. In this reaction a molecule must 
receive the electrons from NADH, thus becoming reduced. The oxidative state of 
taurine-sulfur (V) possesses a high potential for reduction, therefore taurine-sulfur can be 
reduced to sulfide by receiving seven electrons. Taurine-sulfur is capable of serving as 
an electron acceptor in an anaerobic system. If bile acid 7a-dehydroxylating bacteria 
utilized taurine-sulfur as an electron acceptor, this reaction could recycle the limited 
amount of NADH to NAD, supplying glycolysis with the required substrates. However, 
the results from the present study indicated that bile acid 7a-dehydroxylating bacteria are 
unable to utilize taurine-sulfur, suggesting taurine-sulfur is not an ancillary electron 
acceptor in the metabolism of bile acid 7a-dehydroxylating bacteria. 
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